The postnatal brain development is characterized by a substantial gain in weight and size, ascribed to increasing neuronal size and branching, and to massive addition of glial cells. This occurs concomitantly to the shrinkage of VZ and SVZ, considered to be the main germinal zones, thus suggesting the existence of other germinative niches. The aim of this study is to characterize the cortical grey matter proliferating cells during postnatal development, providing their stereological quantification and identifying the nature of their cell lineage. We performed double immunolabeling for the proliferation marker Ki67 and three proteins which identify either astrocytes (S100β) or oligodendrocytes (Olig2 and NG2), in addition to a wider panel of markers apt to validate the former markers or to investigate other cell lineages. We found that proliferating cells increase in number during the first postnatal week until P10 and subsequently decreased until P21. Cell lineage characterization revealed that grey matter proliferating cells are prevalently oligodendrocytes and astrocytes along with endothelial and microglial cells, while no neurons have been detected. Our data showed that astrogliogenesis occurs prevalently during the first 10 days of postnatal development, whereas contrary to the expected peak of oligodendrogenesis at the second postnatal week, we found a permanent pool of proliferating oligodendrocytes enduring from birth until P21. These data support the relevance of glial proliferation within the grey matter and could be a point of departure for further investigations of this complex process.
Introduction
The generation of cell types in the cortex occurs in temporally distinct, albeit overlapping, phases. It is widely reported that the neurons that populate the adult murine cerebral cortex are born prenatally (Bayer et al. 1993; Parnavelas 2000; Hevner 2006 ), whereas gliogenesis is mostly postnatal (Levison et al. 1993; Parnavelas 1999; Bandeira et al. 2009; Ge et al. 2012; Ge and Jia 2016) . Cortical neurogenesis begins with the production of deeper projection neurons [embryonic day (E)15-E17 in rat] from radial glial cells (RGCs) residing in the ventricular zone (VZ) (Parnavelas 2000) and continues with successive generation of superficial projection neurons (E17-E21) from intermediate progenitor cells (IPCs) residing in the subventricular zone (SVZ) (Bayer et al. 1993; Noctor et al. 2004; Franco and Muller 2013) . Cells originating from SVZ at late embryonic days and early postnatal life [in rat between E17 and postnatal day (P) 14] are destined predominately for glial lineage. Astrocytes are first detected around E16 and oligodendrocytes around birth; however, the vast majority of both cell types are produced during the first month of postnatal development (Sauvageot and Stiles 2002; Bayraktar et al. 2014; Tabata 2015) , when the main germinal zones VZ and SVZ shrink dramatically. Considering that glial number in the cortex increases six to eightfold from birth to P21 (Bandeira et al. 2009 ), these findings suggest that there is a population of cycling cells outside VZ and SVZ, most likely in the CNS 1 3 cortical parenchyma. With regard to this, Ge et al. (2012) observed frequent symmetric cell division of protoplasmatic astrocytes during the first postnatal days, and obtained evidence supporting that a major source of glia in the mouse postnatal cortex is the local proliferation of differentiated astrocytes. Intriguingly, cell quantification also revealed a marked neurogenesis in the early postnatal cerebral cortex (Lyck et al. 2007; Bandeira et al. 2009 ), implying that the neurons found in the adult brain are not necessarily generated during embryonic development.
In light of the foregoing findings, new attention should be paid to parenchymal proliferating cells, whose phenotypical characterization remains largely unexplored. In the present study, we aimed to characterize the cortical grey matter proliferating cells during postnatal development, providing their stereological quantification and identifying the nature of their cell lineage. The number of grey matter proliferating cells (identified by means of Ki67 marker; Scholzen and Gerdes 2000; Kee et al. 2002; Taupin 2007) was estimated at different developmental stages, using the stereological optical fractionator method. Furthermore, we used different cell-type specific immunohistochemical markers to assess their cell lineage focusing the quantitative analysis on the principal types of macroglial cells (astrocytes and oligodendrocytes).
Materials and methods

Animals and tissue processing
A total of twenty-two male Sprague Dawley rats aged 2, 4, 7, 10, 14 and 21 days (three/four per age group) were analysed in this study. Rats, anesthetized with 10 mg/kg Zoletil and 10 mg/kg Xylazin, were transcardially perfused with 4% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB), pH 7.2, by means of a peristaltic pump. The brains were removed from the skull, immersed in 4% PFA in PB for 1 day, cut into 50-µm-thick serial coronal sections by means of a vibratome VT1000S (Leica, Heidelberg, Germany), stored in PB and processed for immunohistochemistry.
Ki67 immunohistochemistry and stereological estimation of the total number of Ki67 labelled cells
Selected free-floating vibratome sections at different rostrocaudal levels were immunolabeled with an antibody against Ki67 (1:1000; Thermo Scientific, Rockford, IL, USA), according to a standard immunoperoxidase protocol (Moroni et al. 2013) . For cytoarchitectural analysis, sections were counterstained with Cresyl Violet. Each stained section was digitized with a slice scanner (ScanScope; Aperio Technologies, Vista, CA, USA).
To determine the total number of Ki67 labelled cells in the entire rat neocortex of one hemisphere, an unbiased stereology protocol was employed, using a computer station with stereological software (Stereoinvestigator software, MicroBright-Field Inc, Colchester, Vermont, USA) consisting of a Leica DMLB microscope coupled to a Retiga 2000R colour uncooled camera and a motorized specimen stage. We first traced the grey matter neocortical profile on one hemisphere of each section using a 4x magnification. Counts were conducted at 40x. Based on a pilot study, every 20th section was sampled (the first section was selected randomly), with a sampling grid area of 122,500 µm 2 (for P2, P4, P7, and P10) and of 250,000 µm 2 (for P14 and P21), and a counting frame area of 6,400 µm 2 (for P2, P4, and P7), 8,100 µm 2 (for P10) and 19,600 µm 2 (for 14 and P21). The final measured section thickness was ~ 30 µm in the Z-axis. The Ki67 labelled cells were counted only as they came into focus within the counting frame area or touching or crossing an inclusion line (Fig. 1c) . The total number of Ki67 labelled cells were evaluated with optical fractionators (Stereoinvestigator) and determined as the estimated population using mean section thickness ( Table 2 ). The precision of the estimate of the total cell number in each subject was estimated as the coefficient of error (CE). The sampling was considered optimal when CE < 0.05.
Cell density was calculated as the ratio between total cell number and the estimated total volume. All counting data were expressed as means ± SEM.
Double immunofluorescence (IF) and cell counting
To characterize neocortical Ki67 + cells, double immunofluorescence labelling with glial and neuronal markers was performed as described previously (Moroni et al. 2013) . For a comprehensive list of the antibodies and their details, see Table 1 . For double IF with antibodies raised in the same species (Ki67/Cux1), Fluorescein Tyramide Signal Amplification (TSA) Plus system (PerkinElmer Inc., Waltham, MA, USA) was used, following manufacturer's instruction. Sections were counterstained with 4′,6-diamidino-2-phenylindole (DAPI) (Molecular Probes), mounted with Fluorsave (Calbiochem, San Diego, CA, USA), and examined through a confocal microscope D-Eclipse C1 (Nikon, Tokyo, Japan) mounted on a light microscope Eclipse TE2000-E (Nikon). Confocal images were imported into Adobe Photoshop CS5 (Adobe Systems Incorporated, San Jose, CA, USA). Montages of images were constructed after adjustment of contrast and brightness.
Our quantitative analysis ( (Fig. 6) . To implement the panel of neuronal marker for proliferating cell characterization, double ISH and IF were carried out using the DIG-labelled riboprobe for Er81, marker of pyramidal layer V neurons (Watakabe et al. 2007) , and anti-Ki67 antibody. ISH protocol was described previously (Moroni et al. 2009 ). After hybridization, the sections were incubated with mouse anti-DIG (1:50,000; Sigma) and anti-Ki67 antibodies and visualized with Cy3-conjugated goat anti-mouse IgG (1:600; Jackson) and streptavidin-horseradish peroxidase (HRP) (PerkinElmer, Boston, USA) respectively.
Statistical analysis
The trend of the density, the estimated number of proliferating cells, and the percentage of Ki67 + cells double labelled with glial markers was investigated computing the best-fitting quadratic curve. This model allows to highlight both monophasic trends of increase or reduction as well as biphasic trends with the presence of peaks or nadirs. All data sets were tested for normal distribution using the Shapiro-Wilk test and analysed using a parametric statistics. Proliferating cells expressing Olig2 and NG2 were compared using a paired t test. A Bonferroni correction was applied and a p < 0.008 was considered significant. The estimated number of double labelled Ki67 + cells were expressed as 
Results
Quantification of Ki67 + proliferating cells
To identify the proliferating cells of the rat cerebral neocortex during postnatal development, we used the Ki67 protein as proliferation marker. Ki67 + cells were distributed in all cortical layers (Fig. 1a) . Three-dimensional cell counting revealed a monophasic reduction of Ki67 + cell density (quadratic best fitting curve r 2 = 0.87, p < 0.01) from P2 (30,079 ± 951 cell/mm 3 ) to P21 (1848 ± 136 cell/mm 3 ) (Fig. 1b) .
To overcome bias due to changes in brain volume and cell density, which are significant during development, we applied the optical fractionator to estimate the total number of Ki67 + cells in the grey matter of the entire cerebral hemicortex (Fig. 1c) . This further analysis showed a biphasic trend of Ki67 + cell number (quadratic best fitting curve r 2 = 0.71, p < 0.01): it increased during the first week of life, peaking between P7 and P10 (1.47 × 10 6 ± 0.26 × 10 6 at P7; 1.18 × 10 6 ± 0.11 × 10 6 at P10), and subsequently decreased until P21 (0.28 ± 0.02 × 10 6 , Fig. 1d ).
Immunohistochemical characterization of Ki67
+ proliferating cells
To characterize the cell lineage of the grey matter proliferating cells, we performed double IF combining Ki67 antibody with a panel of fourteen markers labelling astrocytes, oligodendrocytes or neurons (Table 1) . To quantify different types of proliferating cells, we estimated the proportion of S100 + , Olig2 + or NG2 + glial cells among the Ki67 + cells.
Astrocyte markers: S100β, Aldh1L1, GLAST, and GFAP
We used S100β as an astrocyte marker ( Fig. 2a-e) . Quantitative double IF evaluation revealed that the percentage of proliferating cells expressing S100β had a biphasic trend (quadratic best fitting curve r 2 = 0.54, p = 0.01): a very slight increase until P4-10 (range between 20.16 ± 9.91 and 22.77 ± 10.08%) and subsequently a reduction until P21, when the percentage of Ki67 + /S100β + cells was negligible (0.35 ± 0.70%; Fig. 2f ).
Although S100β is primarily considered an astrocytic protein (Sen and Belli 2007; Patro et al. 2015) , its immunodetection has also been reported in oligodendrocytes during development or rarely in neurons (Rickmann and Wolff 1995; Hachem et al. 2005) . To overcome this debate, we analysed additional astrocyte markers: Aldh1L1, GLAST, and GFAP. Double IF showed that Aldh1L1 co-localised almost totally with S100β (Fig. 3a, b) and the percentage trend of the Aldh1L1 + proliferating cells overlapped with that of S100β (Fig. 3c) . The qualitative analyses of GLAST and GFAP revealed that they were expressed in Ki67 + cells (Fig. 3d, e, g, h) and co-localised with S100β (Fig. 3f, i) . Moreover, S100β was not expressed in cells positive for NeuN (Fig. S1a) , considered to be a specific neuronal marker (Gusel'nikova and Korzhevskiy 2015) nor for doublecortin (Fig. S1b, c) , marker of migrating neurons (Francis et al. 1999; Gleeson et al. 1999 ).
Oligodendrocyte markers: Olig2 and NG2
We used Olig2 as an oligodendrocytes marker (Fig. 4a-c) . The percentage of proliferating cells expressing Olig2 showed a biphasic trend (quadratic best fitting curve r 2 = 0.93, p < 0.001): it decreased during the first postnatal week (range between 57.32 ± 4.63 and 30.95 ± 5.14%), reaching the minimum at P7-P10 and subsequently increased until P21 (86.40 ± 2.77%) (Fig. 4g) .
Because it has been reported that Olig2 is transiently expressed in immature astrocytes during neonatal stages (Cai et al. 2007; Ono et al. 2008) , we analysed as second oligodendrocyte marker NG2, used to identify oligodendrocyte precursor cells (OPCs) in both developing and adult brain (Fig. 4d-f) . The Ki67 + /NG2 + cell number ratio was almost constant during the first postnatal week and subsequently augmented, reaching the peak at P21 (82.53 ± 5.50%, Fig. 4g) (Fig. 4g) . Interestingly, double IF revealed that S100β and Olig2 co-localised during the first postnatal week, while double labelled cells were hardly found in the following two weeks (Fig. 5a-c) . Moreover, Olig2 and NG2 co-localised almost completely from the second postnatal week onwards, while Olig2 + /NG2 − cells were detectable during the first postnatal week (Fig. 5d-f) .
Considering the estimated number of S100β + proliferating cells, we confirmed that they showed a biphasic trend (best fitting quadratic curve r 2 = 0.51, p = 0.01), with an increase till P7/P10 and then a decrease till P21, when there were virtually no S100β + proliferating cells (Fig. 6) . Even if the percentage of Olig2 + and NG2 + proliferating cells showed an increase of both cell lineages at the end of the third postnatal week (P21) (Fig. 4g) , the estimated number of Olig2 + and NG2 + proliferating cells was almost constant during the first two postnatal weeks and then showed a reduction trend at P21 (Fig. 6) + proliferating cells during postnatal development (r 2 = 0.54, p < 0.001): note the slight increase until P4-P10 and their disappearance at P21. Bar chart represents mean ± SEM. Scale bars: a-c 70.7 µm; d 10.6 µm; e 8.6 µm cells at P2 and P4, whereas they showed no significant differences from P7 onwards (paired t test, p < 0.05).
Neuronal, endothelial, and microglial markers
With the aim to investigate the nature of the proliferating cells not expressing the employed glial markers, we performed double IF or in situ hybridization with Ki67 antibody and the following markers: NeuN (marker of mature neurons- Fig. S1d) , GAD67, calbindin, calretinin (markers of precursor and mature GABAergic neurons- Fig.   S1e-g ), doublecortin (marker of migrating neurons- Fig. S1h, i) , Cux-1, and ER81 (markers of precursor and mature glutamatergic neurons- Fig. S1j, k) . No double labelled cells were detected with the tested antibodies in the cortical grey matter, whereas double labelled cells were observed in the cortical SVZ (data not shown). Conversely, double IF for Ki67 and either CD31 (Newman et al. 1990 ) or tomato lectin (Dalmau et al. 2003) revealed that some proliferating cells belonged to endothelial and microglial cell lineage, respectively (Fig. S2) . + proliferating cells (r 2 = 0.55, p = 0.003): note the similar trend of expression described for S100β + proliferating cells (Fig. 2) . Bar chart represents mean ± SEM. d Ki67 + cells expressing GLAST (arrows in merge, arrowheads in single channels). e High magnification of a Ki67 + /GLAST + dividing cell. f Co-localisation between S100β (green) and GLAST (red) proteins. g Ki67 + cells expressing GFAP (arrows). h High magnification of a Ki67 + /GFAP + dividing cell. i Co-localisation between S100β (green) and GFAP (red) proteins. Scale bars: a, d 43 µm; b, e 21.5 µm; f, i 70.7 µm; g 62.9 µm; h 40.9 µm − (arrowheads) and Olig2 + /NG2 + (arrows) cells are detectable during the first postnatal week (d), while Olig2 and NG2 co-localise almost totally from the second postnatal week onwards (e-f). Scale bars: a-e 70.7 µm; inset in e: 42.5 µm; f 47 µm
Discussion
While progenitors of VZ/SVZ have been the focus of many studies, still little is known about progenitors of the CNS parenchyma, despite their widespread nature. Neural progenitor cells have been found outside the main germinative zones in both embryonic and adult cerebral cortex (Dawson et al. 2003; Costa et al. 2007; Dimou et al. 2008 ), but their specific characterization during postnatal development is lacking. The postnatal brain development is characterized by a substantial increase in weight and size (Duffell et al. 2000; Bandeira et al. 2009; Seelke et al. 2012 ), ascribed to increasing neuronal size, branching and pruning of the dendritic trees, and a massive addition of glial cells or even neurons (Lyck et al. 2007; Bandeira et al. 2009 ). This occurs concomitantly to the shrinkage of VZ and SVZ, suggesting the existence of other germinative niches in the postnatal cortex. Hence, this shows the importance of grey matter proliferating cells and the need for studying their nature.
To identify proliferating cells, we used the Ki67 protein because it is expressed during all active phases of the cell cycle, while is down-regulated in resting (G 0 ) cells (Scholzen and Gerdes 2000; Taupin 2007 ). Ki67 protein allows a better estimation of the proliferating activity if compared to markers, such as the proliferating nuclear antigen (PCNA) or BrdU, markers of S-phase (Zolzer et al. 2010) or DNA synthesis, respectively. We used a stereological method for the unbiased quantification of the proliferating cells of the entire hemicortex, during rat postnatal development. The results showed that the total number of proliferating cells increase during the first postnatal week until P10 and decrease during the following weeks until P21. This seems to be in contrast with the calculated density of proliferating cells, that progressively decrease in number from P2 to P21. This difference is explained by the massive growth of the neocortex occurring during development, which implicates volume and mass increase, cell number gain but also cell density decrease. The optical fractionator, considered to be insensitive to volume changes, cell sizes and cell density (Dorph-Petersen et al. 2001; Schmitz and Hof 2005; Lyck et al. 2007 ) was applied to overcome bias from these sources and our data showed that stereology provides a better approach for quantifying cell populations during brain development. The increment of proliferating cells observed before P10 occurs concomitantly to the shrinkage of SVZ, considered to be an essential source of glial cells (Burns et al. 2009 ). Thus, our data are consistent with the idea that, during development, grey matter represents an important source of new born cells.
To characterize the cell lineages of the grey matter proliferating cells, we performed double IF combining Ki67 protein with different markers of astrocytes, oligodendrocytes or neurons. The selection of specific cell lineage markers presents a tricky task, because of the overlapping expression of some proteins in the same lineage during development or the lack of cell lineage characterization. This is the case of astrocytes: although they are essential in CNS physiology, their molecular identity remains largely uncharacterized, partially due to the lack of reliable markers apt to investigate their functional and morphological heterogeneity (Rowitch and Kriegstein 2010; Bayraktar et al. 2014; Molofsky and Deneen 2015; Tabata 2015) . To identify astrocytes we chose the calcium binding protein S100β because, in both early postnatal stages and adulthood, it is expressed in the cell body, allowing the precise identification of the cells (Savchenko et al. 2000; Patro et al. 2015) . Although its immunodetection has also been reported in oligodendrocytes and rarely in neurons (Rickmann and Wolff 1995; Hachem et al. 2005) , we demonstrated that S100β is a specific astrocyte marker in the cortical grey matter. Indeed, we showed that S100β + cells co-express the aldehyde dehydrogenase 1 family member L1 (Aldh1L1), the glutamate-aspartate transporter (GLAST), and the glial fibrillary acidic protein (GFAP), all considered to be specific astrocyte markers (Lehre et al. 1995; Williams et al. 2005; Cahoy et al. 2008; Sofroniew and Vinters 2010; Molofsky et al. 2013; Molofsky and Deneen 2015) ; these markers are primarily distributed in astroglial processes, thus being less suitable to clearly identify individual astrocytes. Moreover, we found that S100β was not expressed in cells positive for the neuronal markers NeuN, nor DCX, thus excluding its expression in neurons. To identify oligodendrocytes, we chose the transcription factor Olig2, which is expressed in cell nuclei throughout the oligodendrocyte lineage, including the mature oligodendrocytes (Ligon et al. 2006; Kessaris et al. 2008; Geha et al. 2010 + cells at P2 and P4, while they showed no significant differences from P7 onwards. Bar chart represents mean ± SEM (**p < 0.01) progenitor cells change their differentiative properties during development and could have a role also in astrocyte development (Cai et al. 2007; Ono et al. 2008) , we decided to also analyse the chondroitin sulfate proteoglycan NG2. This is expressed in the oligodendrocyte precursor cells (OPCs), and it is absent in neurons (Karram et al. 2008; Clarke et al. 2012) and astrocytes, at least in the dorsal cortex (Zhu et al. 2008; Nobs et al. 2014; Huang et al. 2016) . This makes NG2 a good oligodendrocyte lineage marker, although in the rat its labelling is more faint than in other species (i.e., mouse and human), rendering cell identification more difficult. The percentages of Olig2 + and NG2 + proliferating cells were overlapping, with the exception of the first postnatal week, when the former overtook the latter. This suggests that, during the first postnatal week, Olig2 is expressed in cells other than OPCs, most likely in astrocytes. Indeed, it has been reported that Olig2 is transiently expressed in immature astrocytes at early postnatal stages (Cai et al. 2007; Ono et al. 2008 ), and we found that S100β and Olig2 co-localised during the first postnatal week, while double labelled cells were hardly found in the following 2 weeks. In summary, Olig2 is a better oligodendrocyte marker than NG2 because of its nuclear localisation, but during the first postnatal week it is not exclusively expressed by oligodendrocytes.
The canonical view of cortical development states that cortical progenitor cells pursue temporal yet overlapping waves of development, with neurons generating first, during the embryonic life, followed by astrocytes, during the first postnatal week, and subsequently oligodendrocytes, during the second postnatal week (Sauvageot and Stiles 2002; Miller and Gauthier 2007) . However, previous experimental data on progenitor cell development were mostly generated by retroviral lineage-tracing of VZ and SVZ progenitors. Recent studies suggested a new scenario. Bandeira et al. showed that in most rat brain structures, including the cerebral cortex, the neuronal population has a net increase between P3 and P7, followed by a net loss between P7 and P15, concurrent with the generation of the glial population (Bandeira et al. 2009 ). This implies that there is neurogenesis during the first postnatal week and gliogenesis during the second. Consistent with the hypothesis of the SVZ origin of new-born neurons during the first postnatal week (Bandeira et al. 2009 ), we found neuronal proliferating cells in SVZ but not in the cortical grey matter. In agreement with Ge et al. (2012) , who stated that a major source of glia in the mouse postnatal cortex is the local proliferation of differentiated astrocytes, we found proliferating astrocytes in the cortical grey matter. These cells ranged between 10-20% of the proliferating cells before P10 and progressively decreased, until disappearing at the end of the third postnatal week. Our findings confirm that astrogliogenesis occurs prevalently during the first 10 days of postnatal development, as previously reported in a genetic fate-mapping study demonstrating that cortical astrocytes quickly exhaust their proliferation capacity by P10 (Burns et al. 2009 ). This seems to be in contradiction with previous data obtained using isotropic fractionator that showed an increased number of non-neuronal cells (thus glial cells) in the second postnatal week (Bandeira et al. 2009 ). However, these authors made a gross distinction between neuronal and non-neuronal cells, not distinguishing between astrocytes, oligodendrocytes and microglia, which are heavily generated during the second postnatal week.
We found that the number of OPCs (NG2 + /Ki67 + cells) tended to be higher than that of proliferating astrocytes in all the analysed ages (although not statistically significant) and, at P21, they represented the main proliferating cells of the cortical grey matter (Fig. 6) . According to literature, oligodendrocyte proliferation would be expected from the second postnatal week onwards. Indeed, a peak of oligodendrogenesis was found during the second postnatal week (Sauvageot and Stiles 2002) and it has been shown that OPCs are the major dividing cell population of the adult rat CNS (Dawson et al. 2003; Mori et al. 2009; Nobs et al. 2014) . Thus, the high number of OPCs during the first postnatal week was unexpected; moreover, their temporal distribution revealed the presence of a permanent pool enduring in the postnatal cortical grey matter since birth. Although we cannot distinguish locally generated oligodendrocytes from those cells that still may migrate into the cortex from other sources (Kessaris et al. 2006) , we speculate that OPCs could migrate to the grey matter before the disappearance of radial glia and before the arrival of axons from callosal projection neurons that pass through the white matter after birth and likely form a physical barrier to precursor migration. The involution of radial glia (Misson et al. 1991; Stichel et al. 1991 ) and the formation of callosal projections (Wang et al. 2007 ) occur within the first two postnatal weeks. Thus, OPCs would reach their final position after birth, giving rise to grey matter oligodendrocytes. The peak of oligodendrogenesis described during the second postnatal week could probably give birth to white matter oligodendrocytes (Levison et al. 1993) . However, to support this assumption, further experiments are mandatory.
From our data, we can infer that, during the first two postnatal weeks, a percentage of proliferating cells did not express any of the analysed astrocyte or oligodendrocyte markers. To reveal the nature of these cells, we tested a panel of markers apt to identify both excitatory and inhibitory neurons: no double labelled neuronal cells were detected in grey matter. These proliferating cells could either belong to astrocyte or oligodendrocyte subpopulations not identified by the used marker or, more probably, they may be endothelial or microglial cells. In fact, both endothelial and microglial cell proliferation has been documented in developing brain (Dalmau et al. 2003; Harb et al. 2013) and was confirmed in our study by the double labelling experiments showing both CD31 + and tomato lectin + proliferating cells. In conclusion, this study provides novel evidence on the extent of proliferative cells in cortical grey matter and on their phenotypic characterization during postnatal development. We showed that proliferating cells underwent an increase until P10 and decreased during the following 2 weeks. Furthermore, cell lineage characterization revealed a short period of cortical grey matter astrocyte proliferation in contrast to the endurance of oligodendrocyte proliferation from birth to adulthood. It is to be hoped that this study will help to reinterpret previous data about cortical gliogenesis, in light of the relevance of glial proliferation within the grey matter, and it will be a point of departure for further investigations of this complex process.
